In this study, we have chosen to use a new technique of reinforcement with composite materials, namely the near surface mounted technique (NSM). The NSM technique consists in inserting strips of carbon fiber reinforced polymer (CFRP) laminate into slits made beforehand at the level of the concrete coating of the elements to be reinforced. A numerical investigation was conducted on rectangular reinforced concrete beams reinforced with NSM-CFRP using the ATENA finite element code. A parametric study was also carried out in this research. The numerical results were compared with the experimental results of the beams tested by other researchers with the same reinforcement configurations. Overall, numerical behavior laws are rather well-suited to those obtained experimentally and the parametric study has also yielded interesting results.
INTRODUCTION
Composite materials or fiber reinforced polymers can generally be defined as the combination of two or more materials. The final assembly of the constituents having interesting characteristics. The fiber reinforced polymers are now commonly referred to as reinforcements which are embedded in an epoxy matrix whose mechanical strength is much lower. These materials are in the form of bars, strips or sheets. They can be manufactured from a pultrusion procedure from carbon fiber, glass or aramid to obtain at the end of the CFRP, GFRP and AFRP, respectively. The strengthening of reinforced concrete beams by composite materials includes several techniques. Among the most effective techniques, mention may be made of the technique of reinforcement by insertion of PRFs, called the technique near surface mounted and that of reinforcement by adhesive reinforcement on the surface Externally Bonded Reinforcement. Reinforcement with carbon fiber reinforced polymers using the NSM technique has been the subject of extensive research by numerous authors: (El-Hacha [1] , Kotynia [2] , Soliman [3] , Al-Mahmoud [4] , Hong [5] , Mostofinejad [6] , Sharaky [7] and Haddad [8] ). The results have shown the efficiency of the NSM technique in the increasing the bearing capacity of the beams as well as improving their overall behavior. To fully understand the behavior and explore the benefits of reinforced concrete beams strengthened with a carbon fiber reinforced polymer (CFRP), the structural response of the system must be invested for different conditions. However, the experimental study of the system for all its aspects of behavior will be expensive. The development of high-speed computers and more sophisticated non-linear hardware models, capable of simulating exactly and predicting what will happen experimentally, has contributed to this transition. The purpose of beam modeling is to reduce the amount of experimental work and save money while conducting several theoretical research on the system with different configurations. Studies have shown that the use of a 2D approach for finite element analysis leads to a faster and less expensive calculation than a 3D approach, while at the same time leading to interesting results with reasonable accuracy. In this study, a 2D nonlinear finite element model is used to predict the load capacity and response of reinforced concrete beams reinforced by CFRP bands using the NSM method. The models were tested by a 4-point bending test using the finite element code ATENA [9] . The modeling predicted the behavior of RC beams reinforced by integrated CFRP plates loaded to failure. The results were verified by comparing them with those obtained experimentally by Hongseob [10] . The results proved the practicality and validity of the finite element method in the modeling RC beams strengthened in flexure using NSM-CFRP strips reinforcement.
In the parametric study, a total of 12 models are constructed and analyzed numerically to study the effect of using different CFRP reinforcement ratios with a variation in the diameter of longitudinal steels and the number of CFRP bands. This is to see the flexural performance of the reinforced beams. A parametric study was conducted to evaluate the effect of some factors on the overall structural response of the RC beam.
BEAMS CONFIGURATIONS AND TESTING DEVICE
The numerical analysis presented here is based on experimental data obtained by Hongseob [10] that evaluates the response of reinforced RC members with NSM-CFRP bands. All specimens were subjected to a monotonous four-point bending test until failure. The parameters considered in our study are the ratio of CFRP reinforcement (Af/As), with the variation of the number of CFRPs and the number of the lower steel reinforcements of the beams. The numerical program consisted of six unreinforced reference RC beams and six reinforced RC beams. The beams have a length of 3000 mm, with a section of 250 mm wide and 400 mm high. With regard to the boundary conditions of the test device, the beams are supported on two sides with a span of 2700 mm and two loading points spaced 160 mm apart at the center of the beams. Two groups of beams are distinguished in this investigation. The first group with two longitudinal reinforcements of 16 mm in diameter in the lower part of the beam and with two bars of 10 mm at the top of the beam. On the other hand, the second group is distinguished with three longitudinal reinforcement at the lower part of the same diameter as the first group and also with the same configuration concerning the compression reinforcement. And the third group with three longitudinal reinforcements lower than 14 mm in diameter. The transverse reinforcements have a diameter of 10 mm and a spacing of 100 mm. The beams have a coating of the order of 40 mm and the concrete used is a concrete with a compressive strength of 30 MPa at 28 days. The steel rebars have Young's modulus of 200 GPa and a yield strength of 350 MPa. CFRP plates used have a rectangular cross-section 2.5 mm wide and 1.2 mm deep. The beams are designated Bx_xAØ-xS. The meaning of the different letters is as follows: for example, the sample B12_2A16-3S designates the number 12 beam with two lower reinforcements steel of 16 mm diameter, reinforced with 03 CFRP Strips. Figure 1 shows the details of the positioning of the CFRP strips in the longitudinal section of the reinforced concrete beams. Figure 2 illustrates an example of B12_2A16-3S beam cross-section details and the other beam configurations are shown in Table 2 . The method used during the test is a fourpoint loading. The results demonstrated that the use of carbon fiber reinforced polymers with the near surface mounted technique could significantly improve the flexural performance of RC beams by increasing their ultimate load capacities and thereby limiting deflection to mid-span of the beams. The mechanical properties of carbon fiber reinforced polymer and epoxy resin are shown in Table 1 . 
NUMERICAL VALIDATION AND PARAMETRIC STUDY
The fracture model used in the ATENA code is based on the classical orthotropic crack model. The modeling of the concrete is carried out with 2D non-linear cementitious elements with a model of plastic rupture indicated in Fig.3 . The modeling of the reinforcements steel was made according to the law of bilinear behavior illustrated in Fig.4 .(a) and the CFRP bands undergo linear elastic behavior until failure the relationship is shown in Fig.4 .(b) For finite element modeling of concrete and steel reinforcement, the values of the measured characteristics given in point 2 have been adopted. On the other hand, for carbon fiber reinforced polymers and resin, the values provided by the manufacturer have been taken into account and are detailed in Table 1 . For the FE models, we introduced to mesh with a density of the order 0.05 m.
The mesh of the mid-span of the RC beam is represented in Fig.5 . Concerning the stress, the deformation was imposed for the model FE and we adopted the incrementation step by step. As the beam is symmetrical, the modeling was carried out only on half of the beam while replacing the other half with appropriate boundary conditions at the central section of symmetry. Where the horizontal displacements along this line are equal to zero, the vertical movement is blocked for the support. The developed FE model considers the non-linearities of the materials used, with the consideration that the CFRP-Concrete bond is perfect. To evaluate the EF models developed and test their validity, a comparison between the results of finite element numerical simulations and experimental results of Hongseob [10] was performed. In previous work models [11] and in addition to this study, the results clearly show good agreement between the predicted FE numerical simulations and the experimental records at all loading stages until failure the control and the NSM-CFRP retrofitted beams. Therefore, the developed model is able to perform precise parametric studies with different configurations. In this parametric study the cross-section of CFRP laminates (Af) applied in the beam of each group was evaluated to increase The ultimate load of the corresponding reference beam. The number of CFRP strip was varied from one, two and three strips. The number of lower longitudinal steel bars was also varied from two to three bars. And the diameter of the steel bars varied from 14 to 16 mm, illustrated in Fig.2 . These parameters were chosen to have six (Af/As) ratios ranging from 7.46 to 22.38%. Table 2 shows the details of the parametric configuration of the beams. The comparison of the experimental measurements with the simulation FE of the average load deflection response for the beams is shown in Fig.6 . and the gains of the resistances of the beams are mentioned in Table 3 . The maximum difference between the experimental results and the predicted numerical results for the ultimate load is less than 17% for all specimens, while for the final deviation it does not exceed 20%.
The developed digital FE model was then used to examine the behavior of beams that were not fabricated and tested experimentally. 
Openings of cracks in beams
After validation of the beam model, the ATENA 2D calculation code allows us to know the values of the width of the cracks in the beams. It also allows us to see the network of cracking on the mid-spans of the beams modeled. The Fig.7 .
shows the iso-values of the crack openings which are shown in (mm), it also represents the cracking network and the positioning of the main crack of each beam configuration. It can be seen that the width of the main cracks is small in the reinforced beams compared to the references beams. This is due to the contribution of composite materials in improving the behavior of reinforced concrete beams reinforced by CFRP bending.
Effect of the reinforcement ratio Af/As
The first parameter studied is the reinforcement ratio Af/As. It was given the following values: 7.46%, 9.94%, 12.98%, 14.91%, 19.47% and 22.38%. These represent all the practical situations of the Af/As ratio from small to high. It can be seen in Fig. 8 that all the models seem to behave in the same way but with different ultimate loads. This comparison proves that when the ratio Af/As increases, the capacity of the beams improves. Thus, with the variation of the Af/As ratio from 7.46% to 22.38%, an increase in the ultimate strength ranging from 25.51% to 42.89% is obtained in the groups with the same steel sections Longitudinal. Table 4 summarizes the ultimate load of the modeled beams as well as their percentage increase effects.
Effect of the number of strips CFRP
To see the influence of the number of CFRP strips in the reinforcement of the beams. Different values have been assigned: 1, 2 and 3 CFRP bands but considering the case of beams with the same configuration of the longitudinal steels. All reinforced beams tested have greater rigidity compared to the corresponding reference beams shown in Fig.9 , it can be seen that a tendency of the ultimate resistances of the beam patterns tends to increase with the increase in the number of CFRP bands with higher gains for the super-shielded beams.
In the case of a beam with higher steel diameters, the final loading capacity is improved, but the ductility is greatly reduced. But the effect of increasing the resistance gain becomes low for over-armed beams which have a large load capacity despite the increase in the number of CFRP bands. It is evident from these results that increasing the reinforcement ratio does not lead to a linear relationship in the effect and this in the case of a lesser compressive strength of te concrete which is of the order of 30 Mpa in this investigation. 
NUMERICAL ANALYSIS OF THE FLEXURAL RESPONSE OF RC BEAMS

